In the U.S. West Coast limited entry (LE) groundfish bottom trawl fishery, catches of stocks with restrictive harvest limits (e.g., Darkblotched Rockfish, Sablefish, and Pacific Halibut) continue to hinder many fishermen's ability to fully utilize their quota shares of more abundant flatfish stocks (e.g., Dover Sole, and Petrale Sole). We examined the size-selection characteristics of two selective flatfish sorting grid bycatch reduction devices (BRDs), designed to reduce catches of Pacific Halibut and non-flatfish species while retaining target flatfishes, using a recapture net. The two devices were identical in materials and design with only the sorting grid dimensions differing between the two designs (BRD-1 = 6.4 cm x 25.4 cm grid size vs. BRD-2 = 6.4 cm x 30.5 cm grid size). The size selectivity parameters for rockfishes, other roundfishes, Pacific Halibut, English Sole, and Rex Sole did not differ significantly between the two designs. However, for Arrowtooth Flounder 53-58 cm in total length (TL), Dover Sole 39-53 cm TL, and Petrale Sole 36-49 cm TL, BRD-1 retained significantly more fish of these length classes than BRD-2. Combined, the mean flatfish retention by weight (not including Pacific Halibut) was 89.3% for BRD-1 and 81.7% for BRD-2. Compared to previous flatfish sorting grid selectivity work conducted in the LE bottom trawl fishery, BRD-1 showed the ability to improve the overall retention of flatfishes while reducing catches of non-target and constraining species.
Introduction
Implementing practices that enhance utilization of fishery quotas, and provide for an economically sustainable fishery are objectives of the U.S. West Coast limited entry (LE) groundfish bottom trawl fishery catch shares program (PFMC and NMFS 2011, 2015) . In this fishery, participants are held fully accountable for catches of all individual fishing quota (IFQ) reduce catches of rockfishes, other roundfishes, and Pacific Halibut (Lomeli and Wakefield 2015, 2016) . The design consisted of long rectangular slots (4.4 cm high x 21.6 cm long) to allow flatfishes to pass through and move aft towards the cod end, whereas non-target species unable to pass though the slots are released out of the trawl. During gear trials, the BRD demonstrated the ability to significantly reduce catches of rockfishes, Sablefish, and Pacific
Halibut. The mean catch of flatfishes (five species evaluated) ranged from 68.1 to 92.3% by weight, with an overall mean of 85.6%. While encouraging results were achieved, the authors noted that improvements in the gears ability to retain flatfishes (particularly larger-sized fish with higher economical value) were desired to enhance the gears effectiveness in the fishery.
The objective of the current study was to examine the size-selection characteristics of two alternative sorting grid sizes, and evaluate their ability to further improve flatfish retention from previous studies while reducing non-target species catches.
Methods

Trawl design
The trawl used for this study was a two-seam Eastern 400 low-rise selective flatfish trawl with a cutback headrope. The headrope was 40.3 m in length and the chain footrope was 31.2 m in length. The chain footrope was covered with rubber discs 20.3 cm in diameter and outfitted with rubber rockhopper discs 35.6 cm in diameter placed approximately every 58.4 cm over the footrope length. This trawl lacks floats along the central portion of the headrope to reduce fish diving reactions to floats. Refer to Hannah et al. (2005) and King et al. (2004) for the trawl net plan.
Gear designs
We followed the BRD design of Lomeli and Wakefield (2015, 2016) , but tested two different grid dimensions. The BRDs were built within four-seam tubes of 116 mm diamond netting (Table 1) and inserted between the intermediate section of the trawl and the codend. A 50 mesh deep two-seam to four-seam transitional tube of netting attach each BRD to the trawl. The two grids tested consisted of elongated slots that were 6.4 cm high x 25.4 cm long (BRD-1) and 6.4 cm high x 30.5 cm long (BRD-2). Each BRD utilized two vertical panels that extended longitudinally down the tube of netting (Fig. 1) . The concept of the design was that fish smaller than the grid openings pass through the grid and move aft towards the codend, whereas fish larger than the grid openings such as roundfishes and most adult Pacific halibut are excluded.
Fish that do not pass through the grid openings were guided by the exit ramp and exit out the top of the trawl. Between the two vertical sorting panels, ropes with chafing material wedged through them were positioned to create partial obstructions to fish moving aft to stimulate fish to move towards the sorting grids. At the aft end of each BRD, the top portion of the vertical panels angled outward to allow for integration of the exit ramp and its associated escape opening. The trawl codend was a four-seam tube of 116 mm diamond netting. For further design detail refer to Lomeli and Wakefield (2016) .
We used a recapture net to quantify fish escapement for the two BRD designs. The recapture net was a four-seam tube of 116 mm diamond netting that was 100 meshes deep and 70 meshes in circumference (25 meshes on the top and bottom panel; 10 meshes on the side panels), excluding meshes in each selvedge (Table 1) . Because a codend cover was not used to capture fish passing through the meshes of the trawl codend, the mesh of the recapture net needed to be the same size as the trawl for a direct catch comparison. The recapture net was attached to the BRD just forward of the escape opening to allow excluded fish to be captured. To keep the recapture net from masking the escape opening, two 20.3 cm center-hole floats were placed on each top ribline of the recapture net, above the escape area of the BRD, while two 27.9 cm earfloats were placed on the top panel webbing in the middle (between the top riblines) of the recapture net. knots. Tow durations were set to 1 h. The BRDs were fished in an alternate tow randomized block design. After each tow, all fish were identified to species and weighed using a motion compensated platform scale. Flatfishes, Shortspine Thornyhead Sebastolobus alascanus, and
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Lingcod Ophiodon elongatus were measured to the nearest cm total length (TL), while Sablefish and rockfishes were measured to the nearest cm fork length.
Selectivity analysis
The Clogit model function in the statistical analysis software SELNET (SELection in trawl NETting) was used to analyze the data (Sistiaga et al. 2010; Herrmann et al. 2012) . This model estimates the likelihood that fish of length class l entering the grid area will contact the grid system and is denoted as C grid :
Values range from 0 ≤ C grid ≤ 1, with C grid = 1 meaning all fish contacted the grid and attempted to pass through. Fit statistics to determine if the model adequately describes the experimental data are p-values >0.05, and deviance not to exceed degrees of freedom by approximately two times (Wileman et al. 1996; Notti et al. 2016 ).
Mean size-selection curves were estimated by pooling length data across tows for each BRD tested. All tows and length classes caught were used in the analysis. L25 grid , L50 grid , and
L75 grid values are defined as the length where 25%, 50%, and 75% of fish, respectively, have the probability of contacting and passing through the grid system. SR grid is the difference between L25 grid and L75 grid . Efron percentile 95% confidence intervals (CIs) (Efron, 1982) for L25 grid , L50 grid , L75 grid , SR grid , and C grid were estimated from 1,000 bootstrap repetitions using a double bootstrapping method implemented in SELNET to account for both within-and between-haul variation. This method is used to avoid underestimating CI limits for selectivity curves when pooling haul data (Sistiaga et al. 2010; Herrmann et al. 2012) . See Sistiaga et al. (2010) , Herrmann et al. (2013), and Grimaldo et al. (2015) for complete Clogit model details. Table 2 presents the data that were used to obtain the selectivity results for each BRD design. Halibut and Rex Sole were similar between the two BRDs. Combined, the mean retention by weight of target flatfishes was 89.3% for BRD-1 and 81.7% for BRD-2.
Model fit statistics for English Sole in BRD-1 and Pacific Halibut, Arrowtooth Flounder, and Dover Sole in BRD-2 had p-values <0.05 and required further assessment to determine if the models were adequately describing the experimental data for these species (Table 4) . Inspecting the fit between the experimental catch comparison data and the modeled mean curve for these species indicated the p-values <0.05 were due to overdispersion of the data rather than the model's inability to adequately describe the data.
Mean C grid values ranging from 0.89 to 0.99 for BRD-1 and 0.82 to 0.99 for BRD-2
showed target flatfishes displayed a high probability of contacting the grid system. While the general selectivity trend shows BRD-1 retaining more fish than BRD-2, the size selectivity parameters for Pacific Halibut, English Sole, and Rex Sole did not differ significantly between the BRDs as indicated by their selectivity curves overlapping 95% CIs (Table 4 , Fig. 2 ).
However, for Arrowtooth Flounder 53-58 cm TL, Dover Sole 39-53 cm TL, and Petrale Sole 36-49 cm TL, BRD-1 retained significantly more fish of these length classes than BRD-2 (Fig. 2 ).
The size selectivity characteristics for BRD-1 and -2 for the six flatfish species evaluated are depicted in figures 3-5.
Rockfishes and other roundfishes
Both BRDs tested were effective at minimizing catches of rockfishes and other roundfishes (Table 5 ). For the five species evaluated, mean L50 grid values did not differ significantly between the two BRDs as indicated by their selectivity curves overlapping 95% CIs (Table 6 With the exception of Lingcod, the Clogit model adequately described the data for BRD-1 and -2 as depicted by the model fit statistics (Table 6) . Examination of the model output for
Lingcod suggested the p-value<0.05 was the result of overdispersion of the data rather than the inability of the model to adequately describe the experimental data.
C grid mean values were relatively high in both BRDs indicating that the species evaluated have a high likelihood of contacting the grid system. While the mean values were not significantly different, higher C grid values were observed for Darkblotched Rockfish, Shortspine
Thornyhead, and Sablefish in BRD-1 than BRD-2 (Table 6 ). The opposite was noted for Greenstriped Rockfish. For Lingcod, mean C grid values were the same between the two BRDs.
Discussion
The two BRDs tested substantially reduced catches of rockfishes, other roundfishes, and
Pacific Halibut that otherwise would have been retained if the BRDs were not used. For target flatfishes, the size-selection characteristics between the two BRDs did not differ significantly for English Sole or Rex Sole. However, there were differences for Arrowtooth Flounder, Dover
Sole, and Petrale Sole with significantly more fish of larger size classes caught in BRD-1 than BRD-2. This result was not anticipated as flatfish retention was expected to be higher in BRD-2 with the larger grid size. These unexpected results could be due to a relatively low sample size, or to a true gear effect of the larger grid size; for example, after fish pass through a grid opening, and begin moving back toward the cod end, the larger grid dimensions increase their probability of passing back through the grid and then releasing out the trawl. Further work using video camera or imaging sonar could reveal if the latter is happening.
In the LE bottom trawl fishery, the shoreside trawl ACL for Dover Sole has been ca. For selective fishing devices such as sorting grids, mesh panels, or modified cod ends (e.g., T90, Bacoma, square mesh, etc.) to be effective, the probability of fish contacting the selective gear needs to be high. Methods to increase contact probabilities have included deflector/guiding devices (Santos et al. 2016) , lifting panels (Sistiaga et al. 2010) , and reduced number of meshes in cod end circumferences (Herrmann et al. 2007 (Herrmann et al. , 2013 . In this study, flatfishes and roundfishes exhibited a high probability of contacting the grid systems as indicated by the high C grid mean values observed for each BRD design. These findings demonstrate that the general BRD design of using two elongated vertical sorting panels to crowd and sort fish, was effective at getting fish to interact with the sorting grids.
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